Wellman, AD, Coad, SC, Flynn, PJ, Siam, TK, and McLellan, CP. A Comparison of preseason and in-season practice and game loads in NCAA Division I football players. J Strength Cond Res 33(4): 1020-1027, 2019-The aim of this study was to quantify the individual practice and game loads throughout the National Collegiate Athletic Association (NCAA) Division I football season to determine whether significant differences exist between the practice loads associated with the preseason training camp and those undertaken during the in-season period. Thirty-one NCAA Division I football players were monitored using the global positioning system and triaxial accelerometer (IA) (MinimaxX S5; Catapult Innovations, Melbourne, Australia) during 22 preseason practices, 36 inseason practices, and 12 competitions. The season was divided into 4 distinct phases for data analysis: preseason week 1 (preseason 1), preseason week 2 (preseason 2), preseason week 3 (preseason 3), and 12 in-season weeks. Individual IA data sets represented players from every offensive and defensive position group Wide Receiver (WR: n = 5), Offensive Line (OL: n = 4), Running Back (RB: n = 4), Quarterback (QB: n = 2), Tight End (TE: n = 3), Defensive Line (DL: n = 4), Linebacker (LB: n = 4), Defensive Back (DB: n = 5). Data were set at the practice level, where an observation for each player's maximum player load (PLMax) or mean player load (PLMean) from each training camp phase was referenced against each player's respective PL from each game, Tuesday, Wednesday, or Thursday practice session. Notable results included significantly (p # 0.05) greater PLMax values attributed to preseason 1 compared with PL resulting from all inseason practices, and significantly (p # 0.05) higher cumulative PL reported for preseason 1, 2, and 3 compared with every in-season week. Data from this study augment our understanding of the practice demands experienced by NCAA Division I college football players, and provide scope for the improvement of preseason practice design and physical conditioning strategies for coaches seeking to optimize performance.
INTRODUCTION
A merican football is a full-contact team sport characterized by high-speed running and frequent accelerations, decelerations, change of directionspecific impacts, and blunt force trauma resulting from repeated contact with opponents and the ground during blocking, tackling, and ball carrying (27) (28) (29) . Recent studies (28, 29) have provided novel insight to the positional movement demands associated with the National Collegiate Athletic Association (NCAA) Division I football, including the quantification of sprint distances and high-intensity accelerations and decelerations, and the frequency and intensity of positional impacts and rapid changes of direction associated with competition. Global positioning system (GPS)-derived positional movement demands of NCAA Division I football players during competition (28) and preseason training camp (7) have been reported, however data describing the daily physical demands of the in-season period in college football, remain unestablished.
Global positioning system technology with integrated triaxial accelerometers (IAs) have provided a means of quantifying the physical demands of training and competition in contact team sports (10, 21, 28) . Improvements in technology and sampling methodologies have increased the accuracy of data recorded by portable GPS and IA for applied research purposes (17) , and have provided a valid and reliable means of assessing activity profiles in team sports (5, 18) . In addition, IA have demonstrated reliability (2) as a means of measuring physical activity across multiple players in team sports, with strong inter-unit relationships (r = 0.996-0.999) demonstrated during high-intensity contact team sport activity.
College football teams generally participate in an intensified preseason training camp that typically consists of a maximum of 29 practice sessions performed over a period of approximately 4-5 weeks before the first competitive event of the season (24) . Preseason training camp traditionally involves programming loads that are developed to maximize positive physical adaptation and minimize maladaptation that may be associated with acute and cumulative fatigue, presenting logistical and player management challenges for coaches and performance staff. Despite an increased understanding of the positional movement demands associated with competition and preseason training camp practices, the daily physical demands associated with practices during the in-season competitive period remain unknown. A more comprehensive understanding of the daily physical demands associated with the in-season competitive period will augment our understanding of the demands of NCAA football players and provide scope for improvements in the planning of preseason training camp practices to adequately prepare players for the demands of the in-season period. The aim of this study was to quantify the individual practice and game loads throughout an NCAA Division I football season to determine whether significant differences exist between the training loads associated with preseason training camp and those undertaken during the in-season competitive period. We hypothesize that there will be significant differences in training loads associated with preseason training camp when compared with the in-season competitive period in NCAA Division I football players.
METHODS

Experimental Approach to the Problem
To examine practice session training loads during the inseason and preseason periods of an NCAA Division I football season, portable IA data were collected from players during 22 preseason training camp practices, 36 regular season practices, and 12 competitions, completed between August 7 and November 28. The individual IA data sets in this study represented subjects from all offensive and defensive position groups as follows: Wide Receiver (WR: n = 5), Offensive Line (OL: n = 4), Running Back (RB: n = 4), Quarterback (QB: n = 2), Tight End (TE: n = 3), Defensive Line (DL: n = 4), Linebacker (LB: n = 4), Defensive Back (DB: n = 5). To determine inter-week PL differentials, each practice and game completed was assessed as a a single observation.
Subjects
Thirty-one NCAA Division I Football Bowl Subdivision (FBS) football players (age 20.5 6 1.1 years; age range 18.6-22.9; height 187.6 6 6.2 cm; and mass 106.8 6 18.6 kg) participated in this study. All subjects were collegiate athletes who had been selected to participate in the football program before the commencement of the study. All participants in this study completed the teams' 8-week summer off-season physical development training program that included a full-body strength and power training program and specific skills and conditioning sessions designed to simulate the demands of NCAA Division I college football practice. This study comprises the statistical analysis of data collected as part of the day-to-day student athlete monitoring and testing procedures within the university's football program. Ethical approval was obtained from the University of Notre Dame's institutional review board and all subjects signed an institutionally approved informed consent document before participating in the study.
Procedures
Global Positioning System Units. Positional movement data were collected from 22 preseason practice sessions, 36 inseason practice sessions, and 12 games using commercially available microtechnology units (OptimEye S5; Catapult Innovations, Melbourne, Australia). The units included a IA which operated at 100 Hz and assessed the frequency and magnitude of full-body acceleration (m$s 22 ) in 3 dimensions, namely, anterior-posterior, mediolateral, and vertical (19, 20) . Before the commencement of each practice and game, GPS receivers were placed outside for 15 minutes to acquire a satellite signal, after which, receivers were placed in a customdesigned pocket attached to the shoulder pads of the subjects. Shoulder pads were custom-fit for each individual, thereby minimizing movement of the pads during practices. The GPS and IA receivers used in this study were positioned in the center of the upper back, slightly superior to the scapulae. Subjects were outfitted with the same GPS receiver for each practice and game. After the completion of practices, GPS receivers were removed from the shoulder pads, and subsequently downloaded to a computer for analysis using commercially available software (Catapult Sprint 5.1, Catapult Innovations, Melbourne, Australia). In this study, training load was determined by combined tri-axial accelerometer data and represented as PlayerLoad (PL), which is a modified vector magnitude expressed as the square root of the sum of the squared instantaneous rates of change in acceleration in each of the 3 planes and divided by 100 (2) . Previous research has documented a strong correlation between PL and total distance in Australian football (r = 0.97, 95% confidence interval: 0.96-0.98) (12) . Boyd and colleagues (2) have demonstrated the laboratory intra-unit (0.91-1.05% coefficient of variation) and inter-unit (1.02-1.10% CV) reliability of PL and determined its inter-unit reliability in Australian rules football matches (1.90% CV). Findings from other team sports including basketball, netball, and Australian football have demonstrated the ability of accelerometer-derived PL to differentiate between competitive games, scrimmage games, practice drills, positional demands, and levels of competition (1, 3, 22) . The GPS and IA units used in this study have demonstrated the ability to accurately detect collisions associated with contact teamsport participation (9, 15) . Collision events identified by microtechnology devices during rugby league match play demonstrated a strong positive correlation with video-coded collision events (r = 0.96), with no difference between the number of collisions identified by microtechnology and video coding, and were sensitive to detect 97.6% of collisions that occurred (15) . Previous research by Gabbett et al. (9) . has also demonstrated the ability of the GPS and IA units used in this study to accurately identify collision events against videobased coding of actual collision events (r = 0.96, p , 0.01). 
Phases of
Statistical Analyses
This study quantifies the relative PL differential in NCAA Division I college football players between 3 phases of the training camp, in-season games, and Tuesday, Wednesday, and Thursday practice sessions. Data were set at the practice level, where an observation for each player's maximum player load (PLMax) session from each training camp phase, or the mean player load (PLMean) across each training camp phase, were referenced against each player's respective PL resulting from each game, and Tuesday, Wednesday, or Thursday practice session, for each week throughout the season. In addition, a model was run examining the cumulative PL for each week from preseason 1 through the end of the competitive season. Nine ordinary least squares (OLS) regressions, using a control for each individual player, were used to determine the rosterlevel variation for in-season practices and games compared with each phase of the training camp. Each model examined the in-season PL from a Tuesday, Wednesday, Thursday, or Game session against either the maximum PL achieved in each of the 3 phases of training camp, or the average PL across all sessions from each phase of the training camp. Standard errors were clustered at the individual level due to the nested structure of the data throughout the season. After completion of the regressions, post hoc t-tests and pair-wise comparisons were used to establish inter-week significance for PL variation. Adjusted means for each training camp phase and in-season week are reported for each model in Tables 1 and 2 . Alpha intervals for all hypothesis testing were set at p # 0.05 as the level of significance for statistical tests. All statistical analyses were performed using Stata Statistical/Data Analysis Software (Stata 14 for Windows, version 14.1; StataCorp, College Station, TX, USA).
The inclusion criterion for the Tuesday, Wednesday, and Thursday models was full participation in a session, thus all observations where a player participated fully, were used. In the case of unit malfunctions where an individual participated fully, PL was imputed for individuals based on their unique average for that type of session, which occurred on 7 instances throughout the study. The inclusion criterion for the game day model was participation in $75% of the offensive or defensive plays, whereas the inclusion criterion for the cumulative PL model was full participation in all sessions in that given week. Thirty-one players were eligible for this study. (Table 1) All Thursday practice sessions were associated with significantly (p # 0.05) lower PL than the PLMean reported for preseason 2 and 3. Ten of 12 games resulted in significantly (p # 0.05) higher PL than the PLMean demonstrated in preseason 1, whereas all games were associated with significantly (p # 0.05) higher PL than the PLMean achieved in preseason 2 and 3.
RESULTS
Several significant differences in PLMax
The cumulative PL (Table 2) resulting from preseason 1 was significantly (p # 0.05) greater than that of preseason 2 and 3, and the cumulative PL in preseason 2 was significantly greater than that of preseason 3. All preseason weeks demonstrated significantly (p # 0.05) higher cumulative PL than the cumulative PL resulting from all 12 in-season weeks.
The average and maximum session duration for preseason 1, preseason 2, preseason 3, Tuesday, Wednesday, and Thursday practice sessions, in addition to average and maximum game durations, are described in Table 3 .
DISCUSSION
The aim of this study was to quantify the individual practice and game loads throughout an NCAA Division I football season to determine whether significant differences exist between training loads associated with preseason training camp and those undertaken during the in-season competitive period. The results of this study contribute novel insight into the practice and competitive loads experienced by NCAA Division I college football players throughout the preseason and in-season periods, and provide scope for the programming of preseason practices and the design of physical conditioning strategies to prepare athletes for the rigors of preseason training camp. The results confirm our hypothesis that significant differences in training loads associated with preseason training camp, when compared with the in-season competitive period in NCAA Division I football players, exist. The most notable findings were the significantly (p # 0.05) greater PLMax values attributed to preseason 1 compared with PL resulting from all in-season practices, and the significantly (p # 0.05) higher cumulative PL reported for preseason 1, 2, and 3 compared with the cumulative PL for every in-season week.
In this study, preseason 1 resulted in significantly (p # 0.05) higher PLMax and PLMean values than both preseason 2 and preseason 3. The PLMax achieved in the first week of preseason camp was significantly (p # 0.05) higher than the PL resulting from 42% of games, and all Tuesday, Wednesday, and Thursday practice sessions throughout the in-season period. The PLMean resulting from preseason 1 was significantly (p # 0.05) higher than PL values of all Wednesday and Thursday practices, 9 of 12 Tuesday practice sessions, and 2 games. These data clearly demonstrate that preseason 1 exposed players to the highest PL of the preseason and inseason practice period, in addition to significantly (p # 0.05) higher PL than 5 out of 12 games. Indeed, only 1 game was associated with a significantly (p # 0.05) higher PL than the PLMax achieved in preseason 1. Collectively, these data contrast training load progression recommendations provided to mitigate injury risk (16) and optimize athlete preparation before the commencement of the NCAA Division I football season.
It is widely understood that the appropriate planning of single and multi-day preseason and in-season training sessions is a fundamental aspect of optimal performance, however, limited data exist to support a specific approach to programming training sessions in team sports (23) . Comparing the results of this study with previous examinations is (23, 26) . Although similarities may exist between Australian football and NCAA Division I college football, direct comparisons between the preseason periods in each of these sports is problematic, most notably due to the duration of the preseason period in Australian football, often lasting more than 20 weeks (23), whereas college football preseason practice takes place over approximately 4 weeks. In NCAA Division I college football, GPS-derived positional movement characteristics have been quantified (7, 28) , and biochemical markers of muscle damage associated with preseason training camp have been examined (8, 14) . However, research has not attempted to quantify the differences that may exist between practice loads encountered by NCAA Division I football players during the preseason training camp with those experienced during the in-season period, and previously this information was limited to coaching intuition and anecdotal reports. It is clear that the preseason training camp is a critical period for football players, yet recommendations have not been established which elucidate effective strategies for periodizing preseason training camp practices to maximize the positionspecific tactical, technical, and physical demands while minimizing the deleterious effects of fatigue. Periodization refers to the logical and systematic process of sequencing and integrating training interventions to achieve peak performance at the appropriate times (13) . An ideology that highlights the influence of a properly periodized period of training is referred to as the stimulus-fatigue-recovery-adaptation theory, which suggests that the greater the overall magnitude of the physical demands, the more fatigue accumulates, and the longer the recovery and adaptation processes take (13) . When comparing in-season to preseason practice demands, it is reasonable to suggest that the fatigue associated with preseason training camp practices in this study may require increased time to recover from, and adapt to, the imposed demands. In this study, an in-season week of training consisted of 3 practices and 1 game, whereas preseason 1 comprised 8 practice sessions in the first 7 days, and as such, the cumulative training load resulting from preseason 1 increased compared with a typical in-season week of training. This however, does not explain the significantly (p # 0.05) greater PLMean and PLMax reported for individual practice sessions of preseason 1, which was likely the result of not only the composition, but the duration of the practice sessions. A greater portion of practice time in preseason 1 was devoted to position-specific skills and techniques than on situational and tactical planning in an offensive or defensive group setting, which commonly occurs throughout in-season practice sessions when preparing for competition. Individual skill work takes place in smaller groups, and allows for increased frequency of movement, potentially resulting in higher PL. The mean session duration in preseason 1 was 145 minutes; however, the first practice session of preseason 1 was 169 minutes in duration, which represented the longest practice session of the entire season. The significant increases in PLMax and PLMean that occurred during preseason 1 may therefore be also attributed to the practice session duration. Previous research (26) in Australian football has demonstrated that reductions in session duration accompany similar reductions in PL. Specifically, a 30% reduction in duration resulted in a ;30% reduction in PL, and as such, periodizing practice duration may be an effective strategy to reduce PL and facilitate between-session recovery to reduce injury risk and optimize subsequent practice session performance.
The PLMax and PLMean values reported in preseason 2 were not significantly different from preseason 3, however, a significant (p # 0.05) decrease in both PL measures was demonstrated compared with preseason 1. Week 2 of preseason consisted of 8 practice sessions with an average practice session duration of 123 minutes. Practice sessions in preseason 2 were programmed to provide less time dedicated to individual position-specific skill work and a larger amount of time to periods of situational drills involving the entire offensive and defensive teams. During the in-season period, the Tuesday practice sessions were planned as the highest practice loads of the week, and PL resulting from in-season Tuesday practices were significantly (p # 0.05) greater than PLMean in preseason 2 for weeks 2-8 during the in-season period. The PL associated with the Tuesday practice session for in-season week 1 was significantly (p # 0.05) lower than the PLMean in preseason 2, the likely result of a reduction in session duration in an attempt to mitigate any deleterious effect of fatigue that accumulated in the preseason training camp. A similar pattern was demonstrated for Wednesday practice sessions, whereby inseason week 1, 10, 11, and 12 demonstrated significantly (p # 0.05) lower PL than the PLMean reported in preseason 2. These findings illustrate that coaches may intuitively reduce practice loads during in-season, particularly in the latter part, to maintain the physical capacities developed throughout the preseason and early in-season periods, but to also provide adequate recovery to support optimal gameday performance.
A comparison of PLMean from preseason 3 practice sessions with PL resulting from in-season Tuesday and Wednesday practice sessions reveals a decrease in training loads for weeks 9-12 of the season. This seems to be the result of a preplanned reduction in session duration for Tuesday and Wednesday practices in the last 4 weeks of the season. Similar reductions in PL associated with Thursday practices sessions for the last 4 weeks of the season were not demonstrated, most likely due to the consistent nature of load programming for Thursday practice sessions.
An examination of the cumulative weekly PL revealed significantly (p # 0.05) greater cumulative PL for preseason 1 than preseason 2 and 3, and significantly (p # 0.05) greater cumulative PL for preseason 2 than preseason 3. In addition, all preseason weeks were associated with significantly (p # 0.05) greater cumulative PL than all in-season weeks. The significantly (p # 0.05) increased cumulative workloads demonstrated in the preseason training camp most likely resulted from the increased number of practices when compared with a typical in-season week. However, along with increased session frequency associated with preseason training camp; the workloads, particularly in preseason 1, were also significantly (p # 0.05) greater than Tuesday, Wednesday, and Thursday inseason practice sessions. In addition, only 1 game demonstrated a significantly (p # 0.05) higher PL than the PLMax achieved in preseason 1. Although the PLMax achieved in preseason 1 is comparable to the PL which may be experienced by NCAA Division I football players during competition, it is reasonable to question the appropriateness of this particular loading scheme for week 1 of the preseason training camp, particularly in light of previous research demonstrating increased risk of injury and illness associated with acute spikes in the training load indicative of the preseason training camp (16, 25) .
American football is associated with high levels of physicality, and as such, practice sessions require adequate intensity to prepare for competitive demands. To improve the likelihood for success, coaches regularly plan practice sessions which challenge the barriers of what players can achieve without exceeding individual training tolerance capacity (25) . This study demonstrated significantly (p # 0.05) higher workloads in preseason 1 than any other phase of preseason camp, and although the optimal preseason practice session training load required to produce favorable physical adaptations and mitigate undesirable consequences associated with excessive fatigue has not been established, improvements in load programming may prove advantageous. Research in similar collision-based team sport (16) has demonstrated unfavorable outcomes associated with acute increases in training loads commonly seen in the first week of preseason practice in NCAA Division I football players. An examination (16) of the ratio of acute workload, represented as total distance accumulated over 7 days, compared with chronic workloads, calculated as the 4-week rolling average acute workload, was found to be predictive of injury in the rugby league. Specifically, when players were subjected to an acute 7-day workload that was classified as ; 2-fold greater than the workload in which they were accustomed to, up to a 10-fold increase in injury occurred. Piggott et al. (25) demonstrated that acute spikes in the weekly training load (.10%) accounted for ;40% of illness and injury in the subsequent 7-day period in Australian footballers. Colby et al. (4) . reported 3-weekly workloads to have the strongest relationship with intrinsic injury incidence in the preseason and in-season period. Large week-to-week changes in the training load also increased the risk of injury in professional rugby players (6) . However, increased participation in preseason practices may reduce the likelihood of injury during the in-season period, presumably by allowing players to accumulate high chronic workloads (16) , and perhaps by identifying players who are able to handle higher preseason training loads and therefore are more robust to injury (30) . Performance coaches must have a clear understanding of the planned practice loads associated with preseason training camp, particularly within the first week, and tailor the preceding weekly conditioning loads leading up to training camp, accordingly. A collaborative approach to preseason training camp should be implemented, whereby the coaching staff, performance staff, and the medical staff work jointly to develop appropriate loading protocols before, and during the preseason training camp, which serve to improve the sportspecific physical capacities but avoid the abrupt increases in PL which have been associated with injury and illness.
The results of this study provide novel insight into the contrasting physical demands of NCAA Division I football players between the preseason, particularly in preseason 1, and in-season periods. The findings of the study may seem intuitive to those intimately involved in NCAA Division I football; however, this is the first investigation to elucidate these suspicions objectively. Despite the novel findings, these data represent 1 team competing in NCAA Division I college football, and consequently, the findings may be limited to this specific team and the philosophy of this particular coaching staff.
PRACTICAL APPLICATIONS
The results confirm our hypothesis that significant differences in training loads associated with the preseason training camp, when compared with the in-season competitive period in NCAA Division I football players, exist. The most notable findings were the significantly (p # 0.05) greater PLMax values attributed to preseason 1 compared with PL resulting from all in-season practices, and the significantly (p # 0.05) higher cumulative PL reported for preseason 1, 2, and 3 compared with every in-season week. Data from this study augment our understanding of the practice demands experienced by NCAA Division I college football players, and provide scope for the improvement of preseason practice design and physical conditioning strategies for coaches seeking to optimize performance.
The commencement of the competitive season in college football is highly anticipated by players and coaches alike, and as such, may result in excessive programming of practice volumes and intensities, particularly in preseason 1. An examination (11) in the rugby league demonstrated that reductions in the preseason training load, by decreases in session duration, resulted in decreased rates of injury, without negatively impacting improvements in physical fitness. Similar investigations in NCAA football have not been undertaken; however, a more deliberate increase in the training load, resulting from calculated increases in session duration may be warranted. Purposeful planning of preseason training camp practices requires collaboration between the sport coaches, performance staff, and the medical staff. Limiting the practice session duration, particularly for the initial practices, and throughout first week of preseason, may prove to be worthwhile.
For many NCAA football teams, the first week of preseason camp represents an acute, and often times, a significant increase in the training load. Coaches seeking to maximize performance and minimize the negative effects of fatigue should make efforts to lessen these acute increases by tightly controlling factors contributing to increases in the training load in preseason 1, and by ensuring that athletes are accustomed to these loads before the start of the preseason camp. This may be accomplished by limiting the duration of the first preseason training camp practice, followed by gradual increases in session duration throughout preseason 1. In addition, performance coaches should program physical conditioning loads in the weeks leading up to preseason training camp, that approximate the physical movement demands of preseason practice sessions. Collectively, these measures may assist in ensuring that the first week of preseason training camp represents a #10% increase in the training load, and may reduce the likelihood of maladaptation associated with excessive fatigue and under-recovery.
Future studies should examine how coaches seeking to enhance performance, can manipulate preseason practice loads, at the team, position, and individual level, to mitigate fatigue, enhance recovery, and optimize game-day performance.
